of products of bacterial action, or the result of poisoning from somiie relatively simple substance such as lead, or the absorption of relatively simple chemical substances of putrefactive origin from the gut. The absorption of lead produces a certain toxic effect, especially upon the muscular system of the body, resulting in hypertrophy of the heart and arteriosclerosis. We might here also refer to nicotine. Nicotine produces a curious toxic effect. We show a chart of the effect of nicotine because it is typical of what probably occurs in a number of other toxvemias caused by absorption from the alimentary canal. Fig. 1 is the record of the blood-pressure of a boy, aged 1J7, who was required to smloke a manilla cigar. He had never smoked before, and therefore showed no nicotine immiiunity. At first the blood-pressure will be seen to rise, but this is soon followed by a great fall, inducing all the well-recognized symptomris of collapse. Fig. 2 is the chart of another boy, who was a year younger alnd who slmoked cigarettes habitually. He also shows the typical rise of blood-pressure as the result of snloking, but it was not succeeded by the great drop as in fig. 1 . This is the ordinarv effect in the case of a mioderate smoker. Fig. 3 shows the blood-pressure of a miian who was quite tolerant to tobacco-smlloking, so that even double the former amount produced no effect upon his bloodpressure. But it is not with these forms of toxoeinia that we wish to deal to-day, but rather with those form--s produced through the agency of bacteria. There are mnany toxic bacterial products wlhich are absorbed from the alimentary canal; somile of these are extremely poisonous and have been isolated chenically pure, and soimie of theimexert reinarkable powers of raising the blood-pressure. The interest of these substances to us is that they are absorbed with extraordinary rapidity in the presence of alcohol, and to our mind the significance of alcohol as a poison depends largely upon this property of facilitating the absorption of toxic substances.
The toxins, however, to which we desire to draw particular attention to-day are more complicated than these; they are but two: cobra venom and diphtheria toxin. We have chosen these two because we think they are fairly representative of the large group of substances causing acute toxaemia. It has been our object to determiine whether there is any difference in the action of a drug on a normal organ and on one which is diseased or which has undergone degeneration as a result of poisoning by one of these toxins. It may be well, in the first place, to mention how the toxins act. It is now generally accepted that both the toxins under consideration produce their effect by combining directly with the FIG. 1. Ordinate equals blood-pressure in millimetres of mercury. Abscissa equals five minutes.
A represents the period of smoking.
FIG. 2.
Ordinate equals blood-pressure in millimetres of mercury. Abscissa equals five minutes.
A shows the period of smoking.
FIG. 3.
A shows the period of smoking (after Lee). 120 tissues upon which they act. They are believed to combine with those tissues because, if some of either toxin is added to an emulsion of the tissue, the toxin disappears and -the mixture becomes non-toxic. Thus, if tetanus toxin is added to an emulsion of nerve-tissue, the iiiixture is rendered non-poisonous to aninmals on injection. Ehrlich explains this by saying that the toxin has combined with the cytoplasm-l, and as a result of the coimbination destruction of the toxin as a free substance
Occurs.
The miiethod of experimenting was as follows: Animals, usually cats, were injected subcutaneously with toxin. The dose was so arranged that the next day they were completely under the influence of the poison.
The animuals under experiment take no interest in their surroundings; they gradually pass into coma and die. A few hours before they reached the comatose stage, about twenty-four after injection, they were ancesthetized and records of blood-pressure, respiration, &c., were taken upoIn a moving drume. In the case of cobra toxin the injection need only be made after the animiial has been aneesthetized, since the toxin acts rapidly, usually in fronm half an hour to three hours, but in the case of diphtheria toxin the injection must be mi-ade at least twenty-four hours before the records are taken. Cobra toxin, as is well known, destroys certain centres in the brain, particularly the respiratory centre; associated with these effects are certain blood-changes, with which we are not imiiiimediately concerned, and finally there is an action on the heart resulting in cessation of the beat. When the respiratory centre first begins to be affected, or shows a tendency to fail, then no drug which we have examined so far possesses the slightest effect on respiration; hydrocyanic acid, caffein, strychnine, and cocaine, all of them-l powerful respiratory stimulants, are now found to have lost their normal stimulant action. So we may say, if the hypothesis of Ehrlich be accepted, namely, that the toxin has combined with the living imolecule, that this combination, at least so far as its response to drugs is concerned, is dead, since drugs cannot affect those cells in any way. In every case in which the dose is sufficient, respiration gradually ceases, and when it has once failed, although the animal can still be kept alive by artificial respiration for an indefinite period, yet the respiration never again takes place naturally. The cells are pernmanently destroyed. If larger doses of toxin are given, other nerve-cells are paralysed, especially the autonomic nerve-cells, those on the course of the splanchnic fibres, and the vagus cells.
There is one group of drugs which we have convinced ourselves at SAGE Publications on June 21, 2016 jrs.sagepub.com Downloaded from Therapeuttical acnd Pharmnacological Section1 produces somne effect in this condition. If cobra toxin comyibines essentially with nerve-tissue, it should be possible by injecting nerve tisstue, either in comnbination with the toxin or soon afterNwards, to p)roduce some effect on the disease. As a matter of fact we have tried practically all the substances which have been extracted from the brain. We tried cholesterin, and that has somle effect, in that, as is well known, it prevents hemiolysis. It produces, however, no effect on the respiratory centre when once the depression of that centre has set in. We tried lecithin and bile-salts, and, lastly, that coimplicated substance which is not pure-cerebrin. This cerebrin does neutralize the toxin in the samiie way as antivenom does. If the cerebrin is mixed xvith the toxin the effect of the latter on the respiratory centre is neutralized. If som-le slight depression of respiration only i 1 produced, and then large doses of cerebrin are injected, it is often possible to prevent death in the aniimal under experiment.
It is the onlv substance which produces any definite effect. Therefore, so far as our experiments go, we believe that, when once the respiratory centre is paralysed, no drug or Galenical preparation has the smallest effect on the respiratory centre.
The second group of toxins which we investigated is represented by diphtheria toxin. It is generally supposed that death occurs in one of two ways: either the heart stops or the respiration ceases; but diphtheria toxin causes death frequently in vet another way. The respiratory centre does not give out and the heart does not cease to beat, but the blood-vessels throughout the body become enornmously dilated, the splanchnic area especially being gorged with blood. As a result of this there is a great fall of blood-pressure, and respiration fails because there is too little blood passing through the miiedulla to keep it in a state of activity. Diphtheria toxin first affects the nerve-tissues, so that they cease to respond to drug action. Hydrocyanic acid, cocaine, and caffein produce no effect on the respiratory centre or vasomotor centre in the later stages of toxlmlia. The vagus responds little or not at all to electrical stimiuli, although the aninal may still be breathing naturally; the sym-1pathetic system throughout the body is active, though less so than normiial. The nerve-cells in the spinal cord cease to respond to stimiulation, and even very large doses of strychnine produce little or no efect, whilst in the last stages enormous doses of this drug may be given without any effect. It is clear that when the cord is under the influence of this toxin, strychnine and allied drugs cease to exert their norimial effect.
The nerve-cells on the course of the splanchnic fibres (vasomotor nerves) become paralysed, so that nicotine, which under normal conditions produces a large rise of blood-pressure by stimulating these cells, now ceases to have any effect, whilst adrenalin, which also acts on the nervous mechanism, but more peripherally than nicotine, still produces a great rise of blood-pressure. Lastly, the motor nerve-endings are destroyed by diphtheria toxin.
If an animal is killed with diphtheria toxin it is possible to extirpate the heart and fix it to a perfusing apparatus, where it will continue to beat so long as it is perfused with saline at sufficient oxygen pressure. The heart itself is not dead at this stage, which is the stage when death occurs in the intact animal. As we have pointed out already, it ceases to beat on account of the enormous dilatation of the vessels, so that there is only a very low blood-pressure and, therefore, a deficient coronary circulation.
It should be our object, then, under these conditions to do what is possible to raise blood-pressure. Digitalis, ergot, strychnine, are of little or no value for this purpose. The most satisfactory method of producing a profound effect on the blood-pressure is by the injection of normal saline solution. If into the vein of a cat of 21 kilos, under the influence of diphtheria toxin and with a blood-pressure little above zero, an injection of 50 c.c. of warm saline solution be made, an immiediate beneficial effect is obtained. Blood-pressure rapidly rises, the heart beats improve, and the respirations, which may have BIecome asphyxial in character, once more become regular and satisfactory. Indeed, the whole condition of the animal may show very marked improvement. Furthermore this improvement may continue for some hours. If a little glucose or alcohol is mixed with the saline solution the beneficial effect is increased.
The two points we desire to bring forward are: (1) the beneficial effects of saline injections in this type of toxtemia, and (2) the fact that drugs will not affect cells poisoned by toxins to the same extent as normal cells. I DISCUSSION.
The PRESIDENT (Dr. Burton Brown), in the name of the Section, cordially thanked Professor Dixon and Dr. Harvey for their important contribution. The subject was one which must appeal to all, especially those who had worked in India, where 20,000 persons annua;ly died from the bites of cobras and other animals; and if anything could be found to cure the results it would be a great benefit to humanity.
Dr. SOPER said the authors had shown that the blood-pressure was raised by nicotine, but in that light it seemed difficult to account for the depression following so quickly and the subsequent collapse.
Dr. FAWCETT said it was interesting to see the result produced by saline intravenous injection, although clinically the value of it was well known; but in small children it was an almost impracticable method on account of the mechanical difficulties involved in carrying it out effectively. With regard to drugs, his experience was only clinical, but he considered it dangerous advice to give medical men that in poisoning from diphtheria they might inject without harm practically any dose of strychnia. He had certainly seen children very ill indeed with diphtheria to whom repeated injections of strychnia had been given, and who had exhibited definite twitching as a result. He thought that probably the cats used by Professor Dixon and Dr. Harvey in their experiments were in much the same condition as an old person who was in a late stage of a malignant "cachexia," and in whom perhaps a perforation of stomach or intestine had taken place; at the autopsy the peritoneum was found full of pus, and yet there had been no reaction and no symptoms of peritonitis, because the patient was too ill to exhibit any reaction as the result of the stimulation of the peritoneum. Before accepting such a dogmatic statement as the result of experiment on animals, one would like to have the statement controlled by facts relating to human beings in illness. He agreed that digitalis had very little effect in toxmemic cases, but he did not agree that strychnine was a harmless drug, even where patients were very ill indeed.
. Dr. J. GRAY DUNCANSON said it was very comforting to those in general practice to hear that the methods of treatment which they had been adopting in the past were found, on experimental investigation, to be the best. For years he had been in the habit of giving copious injections of normbl saline solution in cases of profound toxammia, both by the rectum and subcutaneously, but it was sometimes difficult to tell the exact value of such treatment. In puerperal eclampsia saline injections given by the rectum were of great value, and their utility was increased by adding chloral hydrate and bromide of potassium. Recently he had a patient with marked alcoholic convulsions; he gave him every couple of hours copious rectal injections of saline; in twelve hours the convulsions ceased and the mental condition improved. And in the malarial affections which one sometimes saw, with hamoglobinuria, such injections combined with a little quinine were undoubtedly of service, and rapidly replaced the fluids which were lost to such an alarming extent in these cases.
Professor DIXON, in reply, said that nicotine always raised the bloodpressure at first, except in the most immune people, those who were thoroughly habituated to it. Afterwards there was a stage of collapse if the dose was sufficient. The person who was moderately addicted to smoking got a slight rise of blood-pressure 8 mm. to 10 mm. of mercury-after moderate indulgence. He quite admitted the difficulty of injecting saline in children, but one important point was that when the body needed saline it was wonderful to what degree the rectum acted as a sponge. He was unable to account for the twitchings mentioned when small doses of strychnia were given, though he did not deny that they might have been due to the strychnia. It was true that in the animals to which he had given it, it was his object to make them as ill as he could, and therefore their toxsemia was very severe, and he would say that in the most severe toxLemias the strychnine did nothing. When moderately under the influence of toxin, more and more strychnine was required to produce an effect, and then a time came when no quantity had any effect.
